clinicians throughout the country (U.S. Department of Veterans Affairs, 2007) . Exposure-oriented therapies are effective in treating PTSD (Bradley, Greene, Russ, Dutra, & Westen, 2005; Foa, Davidson, & Frances, 1999; Institute of Medicine, 2007) and support for PE has been found across a variety of settings (Foa et al., 2005; Foa & Rauch, 2004; Schnurr et al., 2007) . Preliminary results and case studies of PE with OEF and OIF veterans at VA Medical Centers (VAMCs) are promising (Rauch et al., 2009; Tuerk, Brady, & Grubaugh, in press; Tuerk, Grubaugh, Hamner, & Foa, 2009 ). However, veterans living in rural areas are less likely to receive appropriate mental health interventions at their local VA community-based outpatient clinics (CBOCs) because the availability of fully trained PTSD treatment providers is limited. Accordingly, there is a compelling justification for creativity and flexibility in the delivery of PE and other evidence-based interventions.
Research indicates 60-75% of OEF and OIF veterans with mental health disorders do not seek mental health care (Hoge et al., 2004) . Hoge and colleagues broadly categorize barriers to mental health care as person-based barriers, centered on a tendency to avoid perceived stigma, and geographically based barriers, related to the proximity and availability of services. Barriers such as lack of transportation and time to travel to appointments decrease service usage. Moreover, rural veterans who can and do access mental health services in their communities often have access to fewer options (Beachler, Holloman, & Herman, 2003; New Freedom Commission on Mental Health, 2003) .
To address these barriers, application of nonconventional models of service delivery to military populations has been advocated (e.g., Frueh et al., 2007) . One such method proposed is telemedicine or telehealth, which involves the use of telecommunication technology for providing assessment and treatment to patients. Psychotherapy provided via video teleconferencing, as described in the current study, is one example of telehealth. The VHA has made significant investments in establishing a telehealth infrastructure and making telehealth modalities available to patients living in rural areas of the country. As a result of these efforts, demand for the modality by clinicians and patients has increased and the Committee on Veterans' Affairs, United States House of Representatives has endorsed further development of telehealth modalities within the VA (U.S. House Committee on Veterans Affairs, 2005) .
Telehealth offers a number of potential benefits as an alternative to in-person treatment (Jerome & Zaylor, 2000; Perednia & Allen, 1995) . One potential benefit is lower cost without sacrificing quality of care (Morland, Frueh, Pierce, & Miyahira, 2003) . Moreover, several studies demonstrate that telehealth can be applied in a costeffective manner within VA settings (Fortney, Steffick, Burgess, Maciejewski, & Peterson, 2005) . Patients also benefit from decreases in transportation costs, travel time, and lost employment (Bose, McLauren, Riley, & Mohammedali, 2001; Elford et al., 2000) .
The delivery of various interventions via telehealth has recently accumulated significant research support. Telehealth has now been used in the delivery of behavioral treatments, psychological assessments, social skills group treatment, and session evaluations (Alessi, 2002; Cowain, 2001; Deitsch et al., 2000; Frueh et al., 2007; Hilty, Sison, Nesbit, & Hales, 2000; Hyler & Gangure, 2003) . Telehealth has been successfully employed for individuals in rural areas (Brown, 1998; Ermer, 1999; Nesbitt, Hilty, Kuenneth, & Siefkin, 2000) , and for difficult-to-treat patient populations, such as the elderly (Poon, Hui, Dai, Kwok, & Woo, 2005) , patients with thought disorders (Zarate et al., 1997) , and avoidant/reluctant patients (Brodey, Claypoole, Motto, Arias, & Goss, 2000; Zaylor, Whitten, & Kingsley, 2000) . However, to our knowledge, no studies have investigated the delivery of PE via telehealth technology.
M E T H O D
The current investigation is a proof-of-concept pilot study of PE delivered via telehealth technology, i.e., via one-on-one video conferencing (telehealth PE). For a comparison, a reference group of patients receiving traditional treatment (in-person PE) at the same clinic is also included. The sample consists of veterans diagnosed with combat-related PTSD at a VAMC in the southeastern United States. All veterans were offered in-person PE; additionally, optional access to telehealth PE was made available for patients living in rural areas, or otherwise far from the VAMC. Outcomes of interest include technical and pragmatic feasibility, patient safety, treatment completion rates, number of sessions to treatment termination, and clinical outcomes related to selfreported symptoms of PTSD and depression.
Participants
The telehealth PE and in-person PE samples consist of 47 combat veterans: 72% OEF and OIF veterans; 6% Female; 34% Black, 64% White; mean age, 39 years (SD = 16). Treatment-seeking patients were identified by referrals from mental health providers and case managers to the PTSD clinical team. A PTSD diagnosis via the Structured Clinical Interview for the DSM-IV (SCID-IV; First, Spitzer, Gibbon & Williams, 1996) was established by an in-person interview with a psychiatrist before assignment to PE. Veterans living outside the VAMC metropolitan area were given the option of selecting PE (n = 12) delivered at a VA-CBOC closer to, or in, their community. All 12 veterans who were offered telehealth PE accepted it. Accordingly, no one self-selected out of the telehealth condition. Selection appeared to be based on patient preference (i.e., veterans did not choose telehealth PE to avoid long wait times for in-person appointments, as same-week appointments were offered to all veterans regardless of treatment medium). Patients receiving care at the main medical center were not offered telehealth PE, and are included here as a broad comparison group for the telehealth PE pilot study. Thirty-nine veterans were assessed and met criteria for in-person treatment at the VAMC, of which 4 (10%) were lost to follow-up or otherwise did not respond to the invitation for treatment. The remaining 35 came to at least one in-person PE session. Edition (DSM-IV ; American Psychiatric Association, 1994). Scores range from 17 to 85 with higher scores reflecting greater PTSD severity. The instrument has good diagnostic efficiency (>.70), and robust psychometric properties (Blanchard, Jones-Alexander, Buckley, & Forneris, 1996) . The Beck Depression Inventory-II (BDI-II; Beck, Steer, & Brown, 1996 ) is a 21-item self-report measure that assesses behavioral and affective symptoms of depression. The BDI-II demonstrates adequate convergent validity, discriminant validity, and testretest reliability (r = .93), as well as good internal consistency (α > .92; Beck et al.; Steer & Clark, 1997) .
Procedure
Prolonged Exposure therapy. Prolonged Exposure therapy (Foa, Hembree, & Rothbaum, 2007 ) is a manualized treatment protocol usually delivered in 8 to 15 weekly 90-minute sessions. Prolonged exposure therapy includes the following major components: (a) psychoeducation; (b) detailed rationale for exposureoriented treatment; (c) repeated in vivo exposure to safe situations avoided due to distress; (d) repeated, prolonged imaginal exposure to traumatic memories, and (e) processing or discussion of the memories, events, and imaginal exposures. Imaginal exposure consists of patients imagining and providing a verbal description of the traumatic event or events with their eyes closed. Patients practice in vivo exposures and listen to the audio-recorded sessions as "homework" between weekly appointments.
Prolonged Exposure therapy via telehealth. Telehealth patients presented to their local VA-CBOC for weekly, 90-min PE sessions conducted in a dedicated room for videoconferencing with the VAMC. Telehealth was conducted using a Tanburg 1000 MXP. The treatment regimen followed the PE protocol described above. The telehealth aspect of treatment did not appear to interfere with the clinicians' basic ability to follow the PE protocol; however, there were some logistical and clinical issues that arose from the telehealth context. First, our primary concern in delivering telehealth PE was patient safety. Pretreatment site visits to the CBOCs were used to survey the physical premises and build relationships that would later serve to facilitate good communication between treating clinicians and CBOC staff. During each session of PE, clinicians had contact information readily available for CBOC support staff. All appointments took place during regular hours of operation; accordingly, the CBOCs were staffed with onsite mental health professionals and security personnel in case of emergencies. Notably, there were no instances in which staff needed to be contacted due to patient safety concerns.
One logistical variation in delivering PE via telehealth was the use of fax machines to convey homework, information forms, and pen and paper measures of psychopathology. Forms were faxed to support staff prior to appointments and given to patients in the waiting room. Patients then returned the self-report measures to staff at the end of the session to be faxed back to providers. During the treatment sessions, patients were asked about their responses to the assessments to track progress because a visual inspection of the results was not available to the provider until after the session. Another pragmatic variation was the use of overnight mail to send imaginal exposure audio-recordings to patients each week to be listened to as homework. In some cases, this procedural difference resulted in a delay in starting audio-exposure homework for the telehealth sample relative to the in-person sample. A third logistical variation consisted of using online shared calendars to facilitate scheduling of the telehealth room between PE providers and providers of other services at the CBOC.
One clinical difference between in-person PE and telehealth PE was how resistance to in-vivo exposure exercises was handled. When encountered in traditional exposure settings, it is often helpful for the clinician to accompany a resistant patient to practice exposure within the clinic or hospital setting ; for example, by visiting the hospital cafeteria, standing in line at the gift shop, or sitting in public with the patient's back to the door. This was not possible for the telehealth group. Accordingly, in some cases, when patients had difficulty beginning in vivo exercises on their own, it was helpful for the patients to complete the exercise while talking to the clinician on a cell phone.
Data Analysis
Qualitative description and descriptive statistics are used to describe feasibility outcomes, whereas inferential statistics are used to investigate pre-and postclinical outcomes. Pre-and postclinical outcomes for the in-person PE reference sample are also provided. Potential differences between the groups are not modeled, as the study is not powered appropriately for noninferiority analyses. The reference group is included to provide a rough comparison of telehealth treatment to traditional treatment provided by the same clinicians over the same period. Repeated measures, dependent means t tests are used to compare pre-and posttreatment effects (d -type effect sizes) for patients who attended at least five sessions of telehealth PE or in-person PE. Descriptive and clinical information about patients who did not complete at least five sessions is provided.
R E S U L T S Technical Performance of the Telehealth Equipment
There were few technical problems with the telehealth equipment. Occasionally, CBOC staff, who were using the telehealth room for multiple purposes, unplugged and moved the machine. This led to a delay in starting sessions and in some cases difficulty reconnecting. Additionally, the telehealth video feed occasionally became pixilated for 2 to 10 seconds during high traffic times. However, such interruptions did not significantly impact the flow of communication. Overall, the telehealth equipment worked properly and produced clear audio and video signals with little audio delay. Coordination between clinicians and remote staff started well and improved as working relationships developed. For example, as relationships developed, the remote staff began looking for and expecting the pre-session assessment faxes, direct phone extensions to reach treating clinicians during times of technical difficulty were memorized to facilitate more rapid communication, and the remote staff became more vigilant about making sure the telehealth equipment was not unplugged between sessions. The use of online, shared calendars and readily accessible phone communication between sites was invaluable for problem solving.
Safety Issues
As noted, there were no instances in the PE telehealth condition where on-site staff had to be contacted for patient safety. Titrating of emotional reactions and patient engagement in traumatic memories, normally including anxiety, increased psychomotor activity, crying, and reexperiencing symptoms, were all handled adequately with the same protocol and clinical skills employed for in-person PE. There were no instances of patients leaving the room or otherwise inappropriately disengaging from the therapeutic communication. However, there was one instance of a patient insisting on leaving the telehealth room door open during the first five sessions due to extreme hypervigilance. The same patient also felt more comfortable leaving his eyes open during the imaginal exposures to keep a watch on his surroundings. Both of these manifestations of hypervigilance may have been more effectively assuaged with in-person interactions. However, they did not represent a threat to patient safety. Table 1 presents baseline descriptive statistics for all patients in both samples who began treatment. The treatment completion rate for the in-person PE sample was 83% and the treatment completion rate for the telehealth PE sample was 75%. Six veterans in the inperson PE sample and three veterans in the telehealth-PE sample did not complete at least five sessions and had two or fewer points of measurement, and thus were labeled as noncompleters. All of the patients in both samples who did not complete treatment were OEF and OIF veterans. In-person PE noncompleters (n = 6) had a mean PCL baseline score of 65.3 (SD = 9.4) and a mean BDI-II baseline score of 30.0 (SD = 8.9), were 50% White, 50% Black, and had a mean age of 31 (SD = 7) years. Telehealth PE noncompleters (n = 3) had a mean PCL baseline score of 58.3 (SD = 11.6) and a mean BDI-II baseline score of 34.3 (SD = 12.0), were 100% White, and had a mean age of 33 (7) years.
Treatment Completion and Number of Sessions
The mean number of sessions for treatment completers was 10.1 (SD = 3.8) for the in-person PE group and 10.0 (SD = 6.3) for the telehealth PE group. The range of sessions in both groups was 1 to 21. Two patients in the in-person PE sample and one patient in the telehealth PE sample required more than 15 sessions to sufficiently address symptoms (additional sessions for patients with particularly long or severe trauma is standard clinical practice, though not the usual course of treatment).
Clinical Outcomes
As reflected in the descriptive statistics provided in Table 1 , preliminary independent means t tests revealed no clinically or statically significant differences in baseline symptom severity between the in-person PE group and the telehealth PE group. Mean pre-and posttreatment PCL scores for the in-person PE group were 60.7 (SD = 9.5) and 27.7 (SD = 6.0), respectively. This difference is clinically and statistically significant, t(28) = 16.9, p < .001, d = 4.2. Mean pre-and posttreatment PCL scores for the telehealth PE group were 61.0 (SD = 10.6) and 34.9 (SD = 7.6). This difference is also clinically and statistically significant, t(8) = 12.3, p < .001, d = 2.9. Figure 1 displays the pre-and post-PCL means for both samples with 95% confidence intervals reflecting the results of the repeated measure pre-and post t tests.
Mean pre-and posttreatment BDI-II scores for the in-person PE group were 27.8 (SD = 9.3) and 10.9 (SD = 6.4). This difference is clinically and statistically significant, t(28) = 8.7, Figure 1 . PTSD Checklist (PCL) and Beck Depression Inventory (BDI-II) outcomes by prolonged exposure (PE) treatment condition, with 95% confidence intervals for first and last session measurements (in-person PE, n = 29; telehealth PE, n = 9). p < .001, d = 2.2. Mean pre-and posttreatment BDI-II scores for the telehealth PE group were 27.3 (SD = 12.5) and 7.6 (SD = 4.7). This difference is also clinically and statistically significant, t(8) = 5.5, p < .001, d = 2.3. Figure 1 displays the pre-and post-BDI-II means for both samples with 95% confidence intervals reflecting the results of the repeated measure pre-and post-t tests.
D I S C U S S I O N
Prolonged Exposure therapy via telehealth technology was associated with large reductions in symptoms of PTSD and depression for veterans diagnosed with combat-related PTSD. In the current sample, telehealth PE treatment was safe and pragmatically viable. Treatment noncompletion rates, although higher than average for our clinic, were in the acceptable range. Overall, the results of this study support the need for a large-scale randomized controlled trial.
The high acceptance rate (12 out of 12) of telehealth PE suggests that some aspects of telehealth services may be especially well suited for and attractive to veterans with PTSD. Although one of the points of treatment is to facilitate a patient's return to normal functioning, early on in the treatment process patients with PTSD may be particularly uncomfortable around crowds in waiting rooms or hospital lobbies. Accordingly, telehealth services may obviate the need for patients to overcome such anxiety on their own before having had effective treatment for it. Additionally, many veterans from the wars in Iraq and Afghanistan feel uncomfortable traveling long distances by car due to lingering fears of improvised explosive devices on the roads. Receiving services locally may increase their willingness to engage in treatment. Finally, many veterans with PTSD spend significant time and energy avoiding reminders of their trauma and war; large VA medical centers contain many trauma-related cues, e.g., uniforms, evidence of injury, war-related art work, and other veterans. Consequently, receiving services at smaller, local CBOCs may be more appealing to such veterans. At this point, it is unclear if these concerns contributed to the 100% initial acceptance rate of telehealth services in the current pilot study.
Although outcomes across both samples appear roughly similar, there are at least three potentially important areas in need of further investigation. First, as noted, noncompletion rates were slightly higher in the telehealth PE sample. Second, noncompleters in the in-person PE sample, though not in the telehealth PE sample, self-reported relatively more PTSD-related distress at baseline. Lastly, although confidence intervals for PCL scores overlap at posttreatment for both samples, there is a notable variation in effects sizes between the samples (in-person PE, d = 4.25; telehealth PE, d = 2.88). This variation may be of note even though both effect sizes are considered large by accepted standards (Cohen, 1988) . In the current samples, variation between the two effect sizes is influenced in part by higher standard deviations in the telehealth sample as compared to the in-person sample. Although the observed difference in effect sizes cannot solely be attributed to differences in standard deviations, it is unclear if the smaller effect size in the telehealth condition is a reliable finding or clinically significant. The current study is not powered appropriately for noninferiority analyses and therefore conclusions cannot be made regarding the observed differences in effect sizes. Moreover, all three distinctions highlighted above are difficult to interpret given the small sample size of the telehealth pilot sample. However, regardless of descriptive comparisons between in-person and telehealth PE, the current study did reveal that veterans who received PE via telehealth showed large clinically and statistically significant reductions in self-reported PTSD pathology over the course of their treatment, with most subjects scoring within or near the normal range on the two primary measures at posttreatment. The pilot study also revealed that telehealth delivered PE can be conducted safely by properly trained clinicians.
The current study noted both logistical and clinical distinctions between delivering in-person PE and telehealth PE. These distinctions include the use of fax machines and mail to facilitate the exchange of materials, shared online calendars for scheduling, and the use of cell phones for patient support. Another difference was how severe clinical presentations were handled across both treatment contexts. For example, the PE protocol calls for patients to close their eyes while engaged in imaginal exposure to foster a vivid revisiting of the traumatic event or events. Occasionally, hypervigilant patients express unwillingness to close their eyes, so as to stay alert and on guard at all times. In live contexts, PE providers can encourage such patients by providing a reminder that they are also in the room and can watch out for any potential threats (however unlikely) during imaginal exposure. This option, and others like it, are not available in a telehealth context and call for clinical flexibility, strong rapport-building skills, and creativity. Additionally, practicing in vivo exposures in the medical center milieu during sessions with patients who are reticent or confused about how to start in vivo exposures was done via cell phones within the telehealth context. Such clinical variations are only relevant for patients with more severe symptom expression. The PE protocol sufficiently addresses modest resistance via reiteration of the treatment rationale, which is provided easily over the telehealth medium. At this point, it is unclear whether these variations are significant enough to merit the development and validation of a modified PE protocol specifically designed for telehealth.
The current pilot study did not randomize subjects to treatment condition; patients were allowed to choose the telehealth condition within the natural ecology of their treatment. Another limitation is that sessions were not coded for treatment fidelity. However, this limitation is somewhat mitigated because the primary author is a designated consultant for PE in the VA dissemination effort, has completed training in the supervision of PE, and participates in bimonthly supervision with the developers of PE regarding training and adherence to the PE treatment model. A third limitation is that self-report instruments, rather than standardized clinical interviews, were used to assess clinical outcomes. However, the large effect sizes reported here (d = 2.15-4.25) and highly significant p values ( p < .001), as well as the pattern of change over time, increase confidence that improvement in symptoms was being conveyed by patients over the course of treatment. Moreover, the self-report measures used have good reliability and correlate well with clinical interviews.
Our experience in piloting telehealth PE leads us to offer the following suggestions to researchers interested in studying the modality. (a) Given appropriate safety precautions there appears to be little justified reason to fear harming patients in a largescale randomized controlled trial of telehealth PE. There appears to be potential benefit for patients; accordingly, inclusion criteria need not be overly stringent or exclusionary. (b) Appropriate safety precautions include available onsite mental health providers and security staff who can be contacted at the patient end if needed, clinician access to direct phone numbers for such staff, and ongoing assessment of self-harm, and suicidal and homicidal ideation. (c) Patients who present with more severe symptoms or extreme hypervigilance may be harder to treat via telehealth and researchers should consider this question when designing studies and evaluating outcomes. (d) When recruiting patients, clinicians should present the modality in positive terms, such as "cutting edge," stressing the convenience and innovation of the modality, rather than as a second-class alternative to in-person treatment. (e) Taking the time to visit and develop working relationships with support staff at CBOCs or other satellite clinics is invaluable to obtaining their necessary assistance, as the modality will likely require more work from them and can be unintentionally sabotaged by overworked support staff with little "buy-in." (f ) Prolonged exposure therapy offers much opportunity for rapport building, warmth, instilling of hope, and the development of teamwork; these nonspecific factors of treatment are essential in helping patients engage with the active components of treatment and should be at the forefront of telehealth services and clinical supervision.
It is likely that the current increasing demand for mental health services in VA and Department of Defense settings will require the implementation of treatments that have not been adequately investigated or alternatively, as in the current study, that treatments with adequate empirical support will be modified or otherwise flexibly implemented in an attempt to meet the needs of veterans. Although the scale of the current situation poses challenges to both service providers and veterans, it also presents unprecedented opportunities for scientific investigation and the continued development of evidence-based interventions for PTSD. 
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